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. SUMMARY 

T h i s  r e p o r t  covers  t he  work performed dur ing  the  second 

q u a r t e r  of ope ra t ion  under  Modif icat ion 3 t o  Contract  No. NAS8-  

2450. Prov i s ions  of t h i s  modi f ica t ion  are f o r  t h e  con t inua t ion  

of a series of t e s t s  i n i t i a t e d  under  the  o r i g i n a l  c o n t r a c t  t o  

measure t h e  e f f e c t s  of va r ious  combinations of nuc lea r  r a d i a t i o n ,  

high vacuum, and cryotemperature on a s e l e c t  group of nonmetal l ic  

s p a c e c r a f t  m a t e r i a l s ,  

During t h i s  r e p o r t i n g  per iod the work descr ibed  below w a s  

accomplished 

Radiation-Vacuum Tests 

T e s t  samples were prepared and mounted w i t h  dosimeters  on t h e  

i r r a d i a t i o n  racks ;  modi f ica t ions  and c a l i b r a t i o n  of the  dynamic 

t e n s i l e  t e s t e r s  were completed; and f u n c t i o n a l  checkout of t h e  

high-vacuum systems was made. During the two weeks of r e a c t o r  

i r r a d i a t i o n  used i n  t h i s  q u a r t e r  a l l  of the  scheduled s t a t i c  

samples f o r  bo th  the  a i r  and vacuum environments were i r radiated 

and t e s t e d .  Two i r r a d i a t i o n s  of  both t h e  Low-Force and High-Force 

Dynamic Tens i l e  T e s t e r s  were performed. Prel iminary a n a l y s i s  of 

t h e  data i n d i c a t e s  t h a t  bo th  t e s t e r s  func t ioned  s a t i s f a c t o r i l y  

du r ing  t h e  tests.  

Radia  t ion-Cryotemperature Tests  

T e s t  specimens were prepared f o r  12 of t h e  16 m a t e r i a l s  

scheduled f o r  t e s t i n g  i n  t he  program; rework and checkout of 

t he  cryogenic  experimental  assemblies  and a s s o c i a t e d  instrumen- 

t a t i o n  were completed; f a b r i c a t i o n  of thermal-conduct ivi ty  
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measurement appara tus  was s ta r ted ;  a flux-mapping i r r a d i a t i o n  run 

was made; t e s t  specimens were i r rad ia ted  t o  the planned l o w  and 

h igh  doses  i n  ambient-air  and to t h e  low dose i n  l i q u i d  n i t rogen .  

Subsequent t e n s i l e  tes ts  of specimens from the  ambien t - a i r  i r rad-  

i a t i o n  were conducted a t  room temperature  w i t h  t he  use of a n  I n s t r o n  

machine. Specimens which had been i r radiated whi l e  submerged i n  

LN2 were pu l l ed  i n  t e n s i o n  a f t e r  i r r a d i a t i o n  whi le  s t i l l  submerged 

i n  LN2* 

Radiation-Vacuum-Cryotemperature T e s t s  

Test  materials were s e l e c t e d ;  the  E l e c t r i c a l  Tes te r  was 

designed and cons t ruc ted ;  and d e t a i l e d  des ign  was s t a r t e d  on 

t h e  Mechanical Tester, 
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I o  INTRODUCTION 

Many of t h e  component parts of nuclear-powered s p a c e c r a f t  

w i l l  be exposed, dur ing  f l i g h t ,  t o  environments composed of t h e  

v a r i o u s  combinations of nuc lear  r a d i a t i o n ,  high vacuum, and cryo- 

temperatures ,  The first known tes t s  t o  measure the  engineer ing  

p r o p e r t i e s  of nuc lea r  r a d i a t i o n  and high vacuum and of n u c l e a r  

r a d i a t i o n  and cryotemperatures  were conducted by the Nuclear  

Aerospace Research F a c i l i t y  a t  General  Dynamics/Fort Worth dur ing  

1962, 

l i s h e d  ( R e f s ,  1, 2 ) .  

Annual progress  repor t s  covering the  work have been pub- 

The e f f o r t  dur ing  1963 (ou t l ined  and descr ibed  i n  Modifica- 

t i o n  3 t o  the o r i g i n a l  c o n t r a c t )  i s  a con t inua t ion  of t ha t  work 

which was s tar ted las t  y e a r  and inc ludes  an a d d i t i o n a l  phase of 

work designed t o  demonstrate  the e f f e c t s  on materials of t he  

t r i p l e  environment of nuc lea r  r a d i a t i o n ,  h igh  vacuum, and cryo- 

temperature ,  The work performed dur ing  the  f i rs t  quarter of 1963 

is  descr ibed  i n  the previous  q u a r t e r l y  p rogres s  r e p o r t  ( R e f  , 3) 

The work performed dur ing  the  second q u a r t e r  i s  repor t ed  i n  t h i s  

document 

Material c a t e g o r i e s  covered i n  tests performed dur ing  the 

first year included adhesives ,  s e a l s ,  thermal i n s u l a t i o n s ,  

e l e c t r i c a l  i n s u l a t i o n s ,  s t r u c t u r a l  l amina tes ,  thermal-control  

coa t ings ,  p o t t i n g  compounds, and l u b r i c a n t s ,  Representa t ive  

tes ts  were those  suitable f o r  measuring l a - shea r  s t r e n g t h ,  u l t i -  

mate t e n s i l e  s t r e n g t h ,  u l t ima te  e longat ion ,  s t r e s s - s t r a i n  charac-  

t e r i s i t c s ,  weight l o s s ,  l u b r i c i t y ,  compressive s t r e n g t h  and spectral 

r e f l e c t i v i t y .  
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During t h e  second y e a r ' s  work, e s s e n t i a l l y  t h e  same tes ts  are 

b e i n g  performed on a new group of m a t e r i a l s  s e l e c t e d  from t h e  same 

m a t e r i a l  ca t egor i e s ,  Addi t iona l  t e s t s  i nc lude  t h e  measurement of 

thermal  conduct ivi ty ,  d i s s i p a t i o n  f a c t o r ,  d i e l e c t r i c  s t r e n g t h ,  T- 

p e e l  s t r e n g t h ,  an# pot ted-wire  pul l -out  s t r e n g t h ,  The thermal- 

cont ro l -coa t ing  t e s t  has been d e l e t e d .  



11. COMBINED EFFECTS OF RADIATION AND VACUUM 

2 , 1 I r r a d i a t i o n  Tests 

During t h i s  quarter, two of t he  f o u r  r e a c t o r  i r r a d i a t i o n  

p e r i o d s  scheduled i n  t h e  c o n t r a c t  f o r  t h i s  y e a r  were s u c c e s s f u l l y  

used. The mechanical p r o p e r t i e s  of materials w e r e  determined i n  

a i r  a f t e r  i r r a d i a t i o n  i n  a i r ,  and i n  vacuum and a i r  a f t e r  irradia- 

t i o n  i n  vacuum, S p e c i a l l y  b u i l t  dynamic tes ters  determined the  

p r o p e r t i e s  of some m a t e r i a l s  immediately a f t e r  i r r a d i a t i o n  while 

t h e  specimens were s t i l l  i n  the vacuum environment. The materials 

so  tested included one or two from each of the fo l lowing  c a t e g o r i e s :  

adhes ives ,  laminates ,  s e a l s ,  thermal i n s u l a t i o n s ,  and e l e c t r i c  

i n s u l a t i o n s  . 
2.1.1 Materials I r r a d i a t e d  

Table  2.1 of the f i rs t  Quar te r ly  Progress  Report  (Ref  3 )  

i d e n t i f i e s  50 m a t e r i a l s  s e l e c t e d  f o r  t e s t i n g  i n  t h i s  program, 

T a b l e s  2.3 through 2.9 from the same r e p o r t  g ive  a complete des- 

c r i p t i o n  of  t he  t e s t  parameters and type of data r e s u l t i n g  from 

these  tes ts ,  

Table  2.1 of t h i s  r e p o r t  p r e s e n t s  a l ist  of the  materials 

i r radiated and tested dur ing  the c u r r e n t  q u a r t e r ,  The ASTM t e s t  

s p e c i f i c a t i o n s  used i n  these t e s t s  are descr ibed  i n  Table 2.1 of 

Reference 3. Three of the s e l e c t e d  materials were suppl ied  from 

the vendor a f t e r  the  i r r a d i a t i o n s  had begun. These materials, 

s u p p l i e d  by P rec i s ion  Rubber Products,  were O-ring compounds 

PRP 19007, PRP 737-70, PRP 2277. However, a p o r t i o n  of t h e  re- 

qui red  data have been obtained; t h e  r e s t  w i l l  be obtained if addi -  

t i o n a l  r e a c t o r  space becomes a v a i l a b l e .  

13 
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Two of t h e  formula t ions  t o  be t e s t e d  as w i r e - p u l l  samples 

(Ref , 3)  were n o t  i r r a d i a t e d  because of problems i n  p repa r ing  

the  t e s t  specimenso 

Reduction and a n a l y s i s  of t he  raw data i s  i n  progress ,  bu t  

because of t he  small  percentage of d a t a  that  i s  i n  f i n a l  form,  

t h e  r e s u l t s  of t he  s t a t i c  and dynamic t es t s  w i l l  be presented  i n  

t h e  t h i r d  Quarterly Progress  Report ,  t o  be i s sued  Septenber  1, 

2,1,2 Test Equipment 

The vacuum-irradiat ion chambers used t h i s  yea r  a r e  t h e  same 

as  t h o s e  used last y e a r ,  A d e t a i l e d  d e s c r i p t i o n  of the systems, 

vacuum c a p a b i l i t i e s ,  and nuclear-spectrum measurements i s  given 

i n  t h e  annual  r e p o r t  (Ref,  1). The vacuum systems func t ioned  

s a t i s f a c t o r i l y  i n  all but  one of t he  vacuum i r r a d i a t i o n s .  During 

t h i s  i r r a d i a t i o n ,  one of t he  thermal  over- temperature  s a f e t y  

switches shu t  o f f  one d i f f u s i o n  pump, The p re s su re  slowly climbed 

t o  one micron b e f o r e  t h e  end of the  i r r a d i a t i o n ,  The p res su re  

dur ing  the  s t a t i c  vacuum i r r a d i a t i o n s  was 

and 4 x 10-7 t o r r ,  

between 1 x 10-7 t o r r  

Two i r r a d i a t i o n s  each of the  specimens i n  the  Low-Force 

Tens i l e  Tes t e r  and High-Force Tens i l e  T e s t e r  (Ref e 1) were made 

dur ing  t h i s  q u a r t e r ,  The l o w e s t  p re s su re  dur ing  the  i r r a d i a t i o n s  
, r 

was 1.2 x 10-7 t o r r ,  whi le  t he  h ighes t  was 3 x t o r r ,  The 

dynamic equipment funct ioned accord ing  t o  design,  and d a t a  reduc- 

t i o n  i s  i n  progress .  
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2 02 Futu re  I r r a d i a t i o n  Tests 

The one remaining t e s t  t o  be conducted t h i s  y e a r  t o  e v a l u a t e  

t h e  combined e f fec ts  of r a d i a t i o n  and vacuum is  the  Bearing Lubri- 

c a n t  T e s t , ,  This  t e s t  i s  progress ing  as  planned, w i t h  i r r a d i a t i o n  

scheduled t o  take place during the las t  week of J u l y ,  

The Bear ing  T e s t e r  used l a s t  y e a r  has been modified t o  inco r -  

p o r a t e  larger  R-112  K e a r f o t t  servomotors ( R e f  , 3),  two a d d i t i o n a l  

t es t  motors t o  b r i n g  the number of t es t  motors t o  10, larger f l y -  

wheels, and p rov i s ion  for coo l ing  water  t o  lower the temperature 

of the  t e s t - l u b r i c a n t  bear ings  du r ing  i r r a d i a t i o n ,  

The l u b r i c a n t s  are being a p p l i e d  t o  t h e  t e s t  R 3  s i z e  b e a r i n g  

by Min ia tu re  P r e c i s i o n  Bearing Coo and Midwest Research I n s t i t u t e ,  

Minia ture  P r e c i s i o n  Coo i s  a l s o  dynamically ba l anc ing  the f lywhee l s  

and de termining  the c o n t r o l  va lues  of t he  t es t  motors and bear ing .  



111. COMBINED EFFECTS OF RADIATION A N D  CRYOTEMPERATURES 

3.1 Test-Specimen Prepara t ion  

A l l  m a t e r i a l s  scheduled f o r  t e s t i n g  under  Modif ica t ion  3 t o  

the c o n t r a c t  were s e l e c t e d  and ordered from sources  of supply 

d u r i n g  the  first q u a r t e r  of ope ra t ion  i n  1963. Most of these 

were rece ived  a t  GD/FW dur ing  t h e  month of March, 1963. Work 

on specimen p r e p a r a t i o n  was started dur ing  t h e  f i rs t  two weeks 

of A p r i l  and i s  descr ibed below, Complete specimen d e s c r i p t i o n s  

are shown i n  t h e  previous q u a r t e r l y  p rogres s  r e p o r t  ( R e f ,  3 ) .  

Adhesives 

S e a l s  

Materials A and Be Six-in.-wide, 1/16-ino-thick aluminum 
adhe ren t  sheets were fu rn i shed  t o  the George C. Marshall 
Space F l i g h t  Center  (MSFC) where Material A (AF-40, Minn. 
Mining and Mf'g. Co,) was a p p l i e d  i n  l ap - shea r  form. One- 
in.-wide specimens were then  m i l l e d  a t  GD/FW. Lap-shear 
specimens f o r  Maters 1 B (Aerobond 422J, Adhesives Engin- 
e e r i n g  Co.) were obtained from a n  ea r l i e r  t e s t  a t  GD/FW. 

Materials C and D. O-rings manufactured from Material C 
(Vi ton  B, P r e c i s i o n  Rubber C o o )  were n o t  rece ived  i n  t i m e  
t o  be inc luded  i n  the f irst  i r r a d i a t i o n  tests, Material 
D (Polymer SP, E. I. du Pont )  was m i l l e d  i n t o  dumbbell- 
type specimens w i t h  a 1/2- by 1/8-in. c r o s s - s e c t i o n a l  area 
i n  the  c e n t e r  s e c t i o n ,  Aluminum doub le r s  were glued t o  
the  l-1/4-ino-wide end s e c t i o n s  w i t h  Epon 934 made by S h e l l  
Chemical Company, 

T h e m  1 I n s u l a  ti ons 

Materials E, F, and G o  The component p a r t s  for the ther- 
ma l - in su la t ion  foams, Mate r i a l  E (Stafoam AA-4029 American 
Latex Products )  and Mate r i a l s  F and G (CPR-20 and CPR-1021, 
Chemical P l a s t i c s  Research Co. ), were rece ived  i n  March, 
b u t  the materials a r e  not scheduled f o r  foaming i n t o  p l a c e  
i n  t he  thermal-conduct ivi ty  tes ters  u n t i l  t he  f i r s t  week of 
June . 
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E l e c t r i c a l  I n s u l a t i o n s  

, i n  t h a t  s eve ra l  d i sc repanc ie s  d i d  occur i n  t h e  o r i g i n a l  t e s t s ,  

Mate r i a l s  H, I, and J, Specimens from M a t e r i a l s  H and 1 
m e o n  8800 w i t h  p o l y e s t e r  p l a s t i c i z e r ,  B. F. Goodrich Coo; 
Duroid 5600, Rogers Corp,)  were made i d e n t i c a l  t o  t hose  
f o r  Material D, and a re  scheduled f o r  t e n s i l e  t e s t s ,  Ma- 
t e r i a l  J (Milimene-Glass 6038, Minn, Mining and Mfg, C o o )  
was made i n t o  dumbbell-type specimens w i t h  a 1/4- by 1/8- 
i n .  c ros s - sec t iona l  area i n  t h e  narrowed s e c t i o n  of t h e  
specimen and a 1-1/4-in0 w i d t h  on the  ends,  Aluminum 
doublers  were glued t o  both s ides  of each  end, 

~ 

For  in s t ance ,  a n  e r r o r  i n  d r i l l i n g  dimensions f o r  t h e  l onge r  dumb- 

b e l l  specimens caused the  bottom of' the  specimens t o  rub on the  

S t r u c t u r a l  Laminates 

Mater ia l s  K and Lo These m a t e r i a l s  (CTL-gl-LD, Eldon 
Fiber-Glass Mg, Coo; DC-2104 w i t h  glass f a b r i c ,  Dow Corning 
Mfg. Coo)  were made i n t o  dumbbell  specimens l i k e  those  of 
Ma te r i a l  J, 

P o t t i n g  Compounds 

Mater ia l s  M and N. Standard e l e c t r i c a l  hook-up wire was 
po t t ed  i n  Mat e r i a l  M (Epon 828/2, S h e l l  Chemical Co,) by 
GD/FW and i n  Material N (EC-2273 B/Ap Minn, Mining and 
Mfg, Co,) by t h e  manufac tu re r ' s  t e s t  l a b o r a t o r i e s ,  The 
p o t t i n g  opera t ion  was s u c c e s s f u l  f o r  bo th  materials,  

Sea l a  n t s 

Materials 0 and Po These materials (EC-1949 and EC-1663, 
Minn, Mining and Mfg. Coo)  were app l i ed ,  accord ing  t o  t he  
manufac turer ' s  recommendations, t o  6-in,-wide adherent  
sheets ,  The T-peel specimens were then c u t  and formed 
from these  sheets i n  accordance w i t h  t h e  des ign  shown i n  
Reference 3 

Only enough specimens f o r  the ambient -a i r  and low-dose LN2 

i r r a d i a t i o n s  were made a t  f irst ,  s o  t h a t  any t e s t i n g  problems 

tha t  might ar ise  as a r e su l t  of specimen shapes OF s i z e s ,  doubler  

a p p l i c a t i o n ,  o r  s l o t  d r i l l i n g s  could be co r rec t ed  f o r  specimens 

used i n  succeeding t e s t s .  T h i s  approach proved t o  be advantageous, 

base of t h e  l o w e r  c l e v i s  assembly. A s a t i s f a c t o r y  f i t  w i l l  r e s u l t  



a f t e r  subsequent specimens shortened by approximately 1/8 i n .  

Another problem was encountered w i t h  specimens from Mater- 

i a l s  D and H, i .e , ,  p l a s t i c s  tha t  were machined i n t o  the shorter  of 

t h e  two dumbbel l  shapes (1/2- by 1/8-ine c r o s s - s e c t i o n a l  area 

i n  the necked-down p o r t i o n  of t h e  specimen),  When tested f o r  

ultimate t e n s i l e  s t r e n g t h ,  most  of the specimens broke i n  the 

doub le r  s e c t i o n  rather t h a n  it9 the narrowed s e c t i o n ,  Reasons 

f o r  t h i s  have not  been d e f i n i t e l y  es tab l i shed  a t  t h i s  time, 

P o s s i b i l i t i e s  i nc lude  the  (1) e f f e c t s  of d i f f e r e n t  thermal-ex- 

pans ion  c o e f f i c i e n t s  f o r  the t e s t  material and the  aluminum 

d o u b l e r s  and ( 2 )  chemical r e a c t i o n s  between the t e s t  material 

and the  doubler  adhes ive ,  For the remaining tests, specimens 

from these two materials w i l l  be modified by reducing  the 

c e n t e r  c r o s s - s e c t i o n a l  area by one-half ,  Th i s  should ensu re  

t ha t  breaks dur ing  t e n s i l e  t e s t s  w i l l  occur  i n  t he  narrowed 

s e c t i o n .  I n  a d d i t i o n ,  force- to-break should s t i l l  be suff i -  

c i e n t l y  high a t  cryotemperatures  t o  provide good data; 

3.2 Experimental-Assembly Rework and C a l i b r a t i o n  

Re-use of the  experimental  assemblies a f t e r  previous  tests 

g e n e r a l l y  invo lves  a complete decontaminat ion and overhaul  

After r a d i o a c t i v i t y  of t he  sys t ems  has decayed t o  safe l e v e l s ,  

t he  upper s t r u c t u r e  and cryogen chamber (dewar) are thoroughly 

scrubbed and steam-cleaned t o  remove a l l  l oose  r a d i o a c t i v e  con- 

tamina t ion .  Both s e c t i o n s  are then  reassembled i n  the Irradiated 

Materials Laboratory (I&%). The s l a v e  c y l i n d e r s  are  f i l l e d  w i t h  

new hydrau l i c  f l u i d ,  checked f o r  s a t i s f a c t o r y  ope ra t ion ,  and cap- 

ped o f f ,  A l l  Teflon shaft s e a l s  are replaced w i t h  new ones, new 
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dewar  g a s k e t s  a re  i n s t a l l e d ,  and the  shaft-seal riser h e a t e r s  are 

checked f o r  proper ope ra t ion ,  LVDT's, d r i v e  motors, and as- 

soc ia t ed  wir ing  a r e  checked f o r  r a d i a t i o n  damage, e l e c t r i c a l  

s h o r t s  o r  open c i r c u i t s ,  and proper  ope ra t ion ,  The Refrasi l  

i n s u l a t i o n  i n  t h e  o u t e r  chamber of t he  dewar i s  removed, and 

the  i n n e r  LN2 chamber i s  inspec ted  f o r  breaks, 

chamber i n  the dewar i s  then checked and pul led  t o  approximately 

10 microns pressure  

The vacuum 

After  the Apr i l  22nd i r r a d i a t i o n  t e s t s  t h i s  year ,  inspec-  

t i o n  of the west dewar revealed t h a t  t h e  walls t o  t h e  main 

cryogen chamber were ruptured  a t  the  welds around t h e  bottom 

( s e e  F ig ,  3.1). An i n v e s t i g a t i o n  was i n i t i a t e d  immediately t o  

determine what had taken p l ace  and why. 
I 

Since nothing of an unusual  n a t u r e  had occurred du r ing  the  

tes ts ,  a check was made of t h e  cryogen-chamber p re s su re - t r ans -  

ducer  recorder  c h a r t  f o r  the  per iod  du r ing  p o s t i r r a d i a t i o n  warm- 

I up. Six pressure  p i p s ,  spaced approximately 10 min a p a r t ,  were 

found t o  be recorded on t h e  c h a r t  about  6-8 h r  a f t e r  shutdown 

of bo th  t h e  r e a c t o r  and LN2 flow, 

imate ly  t i m e  required t o  b o i l  o f f  a 16-gai chamber of LN2, It 

was a l s o  a s c e r t a i n e d  t h a t  personnel  i n  t he  r e a c t o r  area had heard 

a sound resembling a muffled explos ion  a t  about t he  t i m e  t h e  pres- 

sure p i p s  were recorded,  

T h i s  happens t o  be t h e  approx- 

A t  t h i s  po in t  i n  the  i n v e s t i g a t i o n ,  a se r ies  of de tona t ions  

took p l ace  i n  t w o  LN2 dewars be ing  i r r ad ia t ed  i n  a s e p a r a t e  expe r i -  

ment. Associated w i t h  t hese  de tona t ions  was a ve ry  s t r o n g  odor of 
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ozone near the  d e w a r s ,  From t h i s  i t  was t h e o r i z e d  tha t  h i g h l y  

exothermic ozone-to-oxygen d i s a s s o c i a t i o n  r e a c t i o n s  were t a k i n g  

p l a c e  i n  the  dewars du r ing  the f i n a l  warmup p e r i o d ,  

It i s  common knowledge that ozone i s  formed by i r r a d i a t i o n  

of oxygen, and re ference  t o  the b o i l i n g  p o i n t  of LOX and LN2 

revea led  t h a t  LOX impur i t ies  i n  cont inuous ly  suppl ied  b o i l i n g  

LN2 would b u i l d  up i n  concen t r a t ion ,  

supply f o r  LN2 d e l i v e r e d  t o  NARF dur ing  t h e  past y e a r  showed t h a t  

those  sou rces  used l a s t  year  (when s e v e r a l  LN2 i r r a d i a t i o n s  were 

c a r r i e d  ou t  without i n c i d e n t )  had suppl ied  LN2 w i t h  a guaranteed 

LOX con ten t  of less  than  20 ppm. 

A check of t h e  sou rces  of 

On the  o the r  hand, the  LN2 used t h i s  y e a r  ( f o r  the  i r rad ia-  

t i o n  tes ts  involv ing  the  de tona t ions  desc r ibed  above)  a l l  came 

from a source which fu rn i shed  tank  a n a l y s e s  showing an  LN2 p u r i t y  

of 9g08$, 

LOX thus i n d i c a t e s  tha t ,  i n  t h e  p rocess  of b o i l i n g  o f f  as much as 

1000 ga l  of LN2, t h e  LOX con ten t  i n  the dewar could g r a d u a l l y  b u i l d  

up  t o  a t o t a l  of  approximately 5 t o  10 gal. With  t h i s  amount of 

oxygen be ing  transformed i n t o  ozone, r e s u l t a n t  d i s a s s o c i a t i o n  

r e a c t i o n s - c o u l d  very  wel l  be seve re ,  

The p o s s i b i l i t y  t h a t  the  remaining 0 , 2 %  could be most ly  

A l i t e r a t u r e  survey conducted a l o n g  w i t h  t he  above i n v e s t i -  

g a t i o n  revealed t h a t  l i q u i d  ozone can indeed de tona te  w i t h  t h e  

presence of even t h e  s l i g h t e s t  amount of o rgan ic  o r  o t h e r  t y p e s  

of s e n s i t i z e r s .  Sevei-a1 papers  uncovered d u r i n g  t h e  i n v e s t i g a -  

t i o n  desc r ibed  exp los ions  t h a t  had occurred i n  i r r ad ia t ed  LN2 

dewars a t  var ious  i n s t a l l a t i o n s  throughout t h e  count ry  ( R e f s .  4, 5 ) .  
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As a resu l t  of t h e  above i n v e s t i g a t i o n ,  i t  has been con- 

cluded t h a t  LN2 i r r a d i a t i o n  t e s t e  

assemblies are  used can be conducted safely and wi thout  d e t -  

o n a t i o n s  by u s i n g  LN2 con ta in ing  less than  20 ppm, 

i n  which the  exper imenta l  

During the  course of r e p a i r  of t h e  rup tu red  dewar, a 

d e c i s i o n  was made t o  conduct, d u r i n g  the  nex t  LN2 i r r a d i a t i o n  

tes t ,  a para l le l  experiment t o  measure t h e  e f f e c t i v e n e s s  of 

co ld  n i t r o g e n  gas  as  a n  i n s u l a t i o n  a g a i n s t  heat f low from t h e  

outer walls of t h e  dewar t o  the LN2, Vacuum i n s u l a t i o n  w i l l  

n o t  be used, I n s t e a d ,  1/4- ine-diam h o l e s  w i l l  be d r i l l e d  on 

2 - i n o  c e n t e r s  around the top  edge of the cryogen chamber. Addi- 

t i o n a l  h o l e s  w i l l  be d r i l l e d  i n  the bottom of t he  o u t e r  vacuum 

chamber w a l l ,  Thesewi l l  a l l o w  evaporated cryogen t o  f low i n t o  

fAe vacuum chamber a t  the  top, down around the sides, ou t  of 

t he  vacuum chamber and i n t o  the next  chamber a t  t h e  bottom, up 

t h e  sides of t h i s  chamber, and out  t o  the  atmosphere through the  

l - i n e  o u t l e t  p o r t ,  An at tempt  w i l l  be made t o  measure the  d i f -  

f e r e n c e  i n  LN2-consumption r a t e s  f o r  t h i s  system a g a i n s t  one u s i n g  

a vacuum next  t o  the cryogen chamber. 

R e c a l i b r a t i o n  of t e n  LVDT's and f i v e  dynamometers on the  

west exper imenta l  assembly preceded the f i rs t  LN2 i r r a d i a t i o n ,  

Th i s  work i s  required as a p a r t  of every  t e s t  t o  ensure maximum 

accuracy  i n  the  data, Generally,  a new set  of 120-ft-long e l e c -  

t r i c a l  ha rness  f o r  t he  assemblies must be made up f o r  each suc- 

c e s s i v e  run. T h i s  i s  because of the  high r a d i o a c t i v i t y  r e s u l t i n g  

i n  the assembly ends of t h e  hardness and t h e  usual rough t reat-  

ment t hey  r e c e i v e  d u r i n g  a t e s t .  



3.3 Thermal-Conductivity Test  Apparatus 

Fabr i ca t ion  of par ts  f o r  the  thermal -conduct iv i ty  t e s t  

appa ra tus  i s  approximately 75s complete a t  t h i s  time, 

ins t rumenta t ion  f o r  the  t e s t s  has been assembled and i s  shown 

i n  .Figure 3 0 2 0  

a GD/FW-built heater  c o n t r o l  panel  f o r  i n d i v i d u a l  c o n t r o l  of 

two guard h e a t e r s  and one t e s t  heater on each of three tes ters ,  

( 2 )  a GD/FW-built thermocouple c o n t r o l  pane l  f o r  i n d i v i d u a l  se- 

l e c t i o n  of any one of 36 thermocouples, ( 3 )  a GD/FW-built v o l t a g e  

s e l e c t o r  panel f o r  i n d i v i d u a l  s e l e c t i o n  of the  v a r i o u s  v o l t a g e  

and c u r r e n t  values  f o r  readout  on a d i g i t a l  vo l tmeter ,  ( 4 )  a Non- 

L inea r  Systems, Inc  o ,  Model V-35 d i g i t a l  vo l tmeter ,  (5) a K i n t e l  

Model lglA ampl i f i e r ,  ( 6 )  a Non-Linear Systems, Inc., Model l25C 

conver te r ,  ( 7 )  a Rubicon potent iometer ,  and (8)  a Mid-Eastern 

E l e c t r o n i c s  Model ~ ~ 6 0 - 6  dc power supply,  

All 

A s  can be noted, t he  equipment c o n s i s t s  of (1) 

For ope ra t iona l  checkout of t h e  e n t i r e  t e s t ,  one p i l o t -  

model t e s t e r  w i l l  be assembled, T h i s  work i s  i n  p rogres s  a t  

t h e  p re sen t  t i m e .  

t i o n  of con t ro l l ed  amounts of hea t  t o  the  t e s t  and guard heaters,  

e s t a b l i  s hment of s teady-  s t a  t e temperature c ond i t  i o n s  a t  t h e  

twelve thermocouple l o c a t i o n s ,  and c a l c u l a t i o n  of the  thermal  

conduc t iv i ty  from equa t ions  shown i n  Reference 3. T h i s  

procedure w i l l  be followed w i t h  the  t e s t e r  a t  room temperature  

and a l s o  w i t h  it submerged i n  LN2. The c o e f f i c i e n t  of thermal 

conduc t iv i ty  w i l l  be determined f o r  the thermal  i n s u l a t i o n  foam 

Staf oam AA-402 

Checkout of t he  u n i t  w i l l  c o n s i s t  of a p p l i c a -  

2Er 
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3.4 Mapping I r r a d i a t i o n  

The neutron fluxes and gamma dose rates i n  a i r  a t  c e n t e r -  

l i n e  and + 10 i n , ,  o f f  c e n t e r l i n e  have been w e l l  e s t ab l i shed  f o r  

the  east ,  west, and n o r t h  i r r a d i a t i o n  p o s i t i o n s  of the  Ground 

T e s t  Reactor  ( G T R )  a t  N A R F  ( R e f ,  6 ) o  

i n  F igu res  3.3 through 3.14, It should be noted t h a t  t h e s e  d a t a  

a r e  e s t a b l i s h e d  f o r  a 4- in0  th i ckness  of water between t h e  co re  

and the  n o r t h  i r r a d i a t i o n  p o s i t i o n  and f o r  a 4 ,25 - in0  th i ckness  

of water between the  core  and the  east  and west pos i t i ons , ,  

These v a l u e s  are  p l o t t e d  

These da ta  are  s u c c e s s f u l l y  used i n  p r e d i c t i n g  doses  f o r  

specimens i r r a d i a t e d  i n  a i r  a t  t h e  th ree  p o s i t i o n s ,  but v a r i a -  

t i o n s  i n  e s t ab l i shed  dose r a t e s  occur when m e t a l l i c  o r  organic  

s t r u c t u r e  i s  placed between t h e  r e a c t o r  core  and t h e  specimens 

be ing  i r r a d i a t e d ,  Ca lcu la t ions  can be made f o r  these v a r i a t i o n s  

i f  t he  in te rposed  material  i s  uniform i n  shape, s i z e ,  and d e n s i t y  

b u t  f o r  o t h e r  arrangements, a p r e - t e s t  mapping i r r a d i a t i o n  i s  

d e s i r a b l e  

It  was decided t h i s  y e a r  t h a t  a mapping run for t h e  NASA 

cryogenic  experimental  assembl ies  would be b e n e f i c i a l  i n  pre-  

d i c t i n g  dose r a t e s  f o r  specimens loca ted  below each of t h e  t e n  

p u l l  rods.  The p l a n  involved ope ra t ion  of t h e  r e a c t o r  f o r  two 

1 - h r  runs  a t  power l e v e l  of 1 Mw, During t h e  f i r s t  run, t h e  

e a s t  and nor th  experimental  assembl ies  were mapped. 

Dosimetry was mounted t o  t h e  lower bex frames o f  t h e  assem- 

b l i e s .  A s  can be seen i n  F igure  3015, a complete dosimetry packet  

was loca ted  a t  the  exac t  sample p o s i t i o n  f o r  p u l l  rods  1, 3, 5, 
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69 8, and 10, Each packet  contained one bare and one cadmium- 

covered silver-manganese f o i l  t o  measure t h e  thermal-neutron 

f l u x  ( E  <0.48 ev) ,  one indium f o i l  t o  measure t h e  neutron f l u x  

f o r  E 1 0085 MeV, one s u l f u r  p e l l e t  t o  measure the  neutron f l u x  

f o r  E > 2 . 9  MeV, one aluminum f o i l  t o  measure the  neutron f l u x  

f o r  E >8,1 MeV, and a one n i t rous-oxide  dosimeter  t o  measure 

the gamma dose. I n  a d d i t i o n  t o  t he  above packets  (which were 

i n s i d e  t h e  dewar dur ing  the  run )  packets  c o n s i s t i n g  of one gamma 

dosimeter ,  one thermal  d e t e c t o r ,  and one f a s t - n e u t r o n  ( E  > 2 * 9  M e V )  

d e t e c t o r  were mounted on the  ou t s ide  s u r f a c e s  ( f r o n t  and back)  of 

t he  dewars,  These packets  were pos i t i oned  a t  t h e  c e n t e r  of t h e  

dewar, j u s t  opposi te  a corresponding packet  a t  rods 3 and 8 i n -  

s i d e  the  dewar. 

I n  t h e  f i rs t  run, t h e  e a s t  dewar was f i l l e d  w i t h  water  and 

t h e  no r th  dewar contained s t a t i c  a i r  a t  a tmospheric  p re s su re  

and ambient temperature,  I n  the  second r u n  (which used the  same 

dosimetry layout a s  descr ibed  aboveI9 only t h e  n o r t h  assembly, 

w i t h  L N 2 - f i l l e d  dewar, was i r r a d i a t e d ,  

Pas t  experience w i t h  dosimetry measurements on the  GTR 

has e s t a b l i s h e d  the  r e l i a b i l i t y  of u s i n g  a def in i te  r a t i o  of 

east- to-west  and e a s t -  or west- to-north dose r a t e s  i n  a i r  a t  

given d i s t a n c e s  from the  r e a c t o r  face  on the  core  c e n t e r l i n e ,  

For f a s t  neutrons ( E  > 2 , 9  Mev), t he  east- to-west  r a t i o  i s  1:l 

and the  e a s t -  o r  west- to-north r a t i o  i s  1:l07. For gamma r a d i a -  

t i o n ,  t he  east- to-west  r a t i o  i s  1:l and the  e a s t -  o r  west- to-  

n o r t h  r a t i o  i s  1~1.2. R e i l i a b i l i t y  of t h e s e  va lues  i s  considered 

t o  be w e l l  wi th in  t h e  l i m i t s  of r e p r o d u c i b i l i t y  of success ive  

measurements f o r  both neut rons  and gamma r a y s ,  The nor th- to-eas t -  

44 



or-west r a t i o  ( l e 7 : 1 )  i s  based on a b i n .  t h i c k n e s s  of water between 

the  co re  and the  i n s i d e  f a c e  of t h e  c l o s e t ,  Th i s  r a t i o  can be i n -  

c r eased  by moving t h e  r e a c t o r  nor th ,  i n t o  the c l o s e t ,  thus reducing 

t h i s  water t h i c k n e s s  t o  2 inches ,  

With these r a t i o s  and w i t h  the  data taken  on the  above-des- 

c r ibed  mapping run, it i s  p o s s i b l e  to determine b o t h  the neut ron  

and gamma dose rates i n  the experimental  assemblies a t  a l l  t he  

i r r a d i a t i o n  p o s i t i o n s  f o r  a l l  t h r e e  dewar environments: water ,  

a i r ,  and l i qu id  n i t r o g e n ,  Water was used i n  the  eas t  dewar  t o  

simulate the neut ron  a t t e n u a t i o n  t h a t  would take place i n  l i q u i d  

hydrogen, and data from t h i s  dosimetry are cons idered  sui table  f o r  

p r e d i c t i n g  dose rates i n  an  L % - f i l l e d  dewar. 

ment i n  t h e  dewars  f o r  i r r a d i a t i o n s  a t  NAFU? i s  e i t h e r  a i r ,  LN2, 

o r  LH2- 

The u s u a l  environ-  

Data from the  mapping runs are  shown i n  Tables  3.1 through 

3.3 and are  p l o t t e d  i n  F igures  3.16 through 3.21, 

F igu res  3.16 through 3.18 are  p l o t s  of t he  neut ron  fluxes 

under  t h e  three environments. F a s t  fluxes i n  the  east ,  west,  o r  

n o r t h  dewar under  any of the  three environments can thus be d e t e r -  

mined e i t h e r  by r e f e r r i n g  t o  t h e  a p p r o p r i a t e  curves  o r  by m u l t i -  

p l y i n g  o r  d i v i d i n g  a p a r t i c u l a r  data p o i n t  on a curve by the 

f a c t o r  1.7. 

F i g u r e s  3.19 through 3.21 are  p l o t s  of gamma dose ra tes  

under  t he  three environments. Like the  above-described approach 

f o r  neut ron  fluxes, t h e  gamma dose rates i n  t h e  east ,  west, o r  

n o r t h  dewar under  any of t he  three environments can be determined 

e i t h e r  by r e fe rence  t o  t h e  a p p r o p r i a t e  curve o r  by c a l c u l a t i o n .  

Gamma dose rates f o r  a p a r t i c u l a r  environment and i r r a d i a t i o n  
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F i g u r e  3.21 Gamma Dose Rate  v s  D i s t a n c e  f rom R e a c t o r  
N o r t h  Dewar, LNP-Fi I l e d  
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p o s i t i o n  no t  used i n  the  mapping runs  can be determined by multi- 

p l y i n g  o r  d i v i d i n g  a p a r t i c u l a r  recorded data  p o i n t  by t h e  f a c t o r  

102. 

No r a d i c a l  departures from a n t i c i p a t e d  neut ron- f lux  v a l u e s  

are  i n d i c a t e d  i n  Figures 3.16 through 3.18. The high the rma l i z ing  

e f f e c t  of water can be noted i n  data taken  from the w a t e r - f i l l e d  

dewar,  Reference t o  F igu res  3.17 and 3.18 i n d i c a t e  noth ing  more 

than  normally expected mass and d i s t a n c e  a t t e n u a t i o n  of neut ron  

fluxes,  thus i n f e r r i n g  l i t t l e - o r  no low-temperature e f f e c t s  on 

neu t ron  dosimetery i n  the  L N 2 - f i l l e d  dewar, 

Gamma dose- ra te  data recorded i n  t h e  mapping runs  were rea- 

sonable  and g e n e r a l l y  according t o  e x p e c t a t i o n s ,  A s  a n t i c i p a t e d ,  

r e a c t i o n  of N 2 0  gamma dosimeters  i r rad ia ted  whi le  submerged i n  LN2 

was e r r a t i c .  T h i s  i s  ind ica t ed  i n  F igu re  3,2l. Based on t h e  gamma 

dose rates recorded f o r  t he  f r o n t  and r e a r  o u t s i d e  f a c e s  of t h e  

dewar  and the  dose- ra te  curve f o r  t h e  a i r - f i l l e d  n o r t h  dewar, curves  

f o r  the dose ra tes  through the L N 2 - f i l l e d  dewar which were consid-  

ered t o  be c o r r e c t  were drawn i n t o  Figure 3 , 2 l  as  dashed l i n e s ,  

These v a l u e s  w i l l  be used i n  determining specimen l o c a t i o n s  f o r  

fu ture  LN2 i r r a d i a t i o n s  u n t i l  such t i m e  when gamma dosimetry su i t -  

ab le  f o r  use a t  cryotemperatures  has been developed. 

3.5 P r e i r r a d i a t i o n  Materials T e s t s  

P r e i r r a d i a t i o n  t e s t s  a t  ambient -a i r ,  LN2, and LH2 tempera- 

tures  were scheduled f o r  each material i n  t h e  program. To date, 

tests on most of t h e  materials a t  ambien t - a i r  and LN2 tempera tures  

have been completed, A gene ra l  d i s c u s s i o n  of t h e  r e su l t s  of t he  

completed tes ts  f o r  each  m a t e r i a l  i s  given below. 
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Adhesives 

Mater ia l  A :  AF-40, The ambient-air ,  p r e i r r a d i a t i m  (or 
c o n t r o l )  specimens f o r  t h i s  material  were tes ted for l ap -  
shear s t r e n g t h ,  Data were c o n s i s t e n t ,  w i t h  lap-shear-  
s t r e n g t h  values running around 3000 p s i ,  A t  LN2 tempera- 
t u r e ,  the lap-shear data were no t  q u i t e  a s  c o n s i s t e n t ,  and 
forces-to-break w e r e  much lower, averaging  about 2000 p s i .  

Material B: 422J. A t  ambient -a i r  temperature, t h e  l ap -  
s h e a r  c o n t r o l  specimens broke a t  about  1250 p s i ,  A t  t h e  
LN temperature, t h e  lap-shear  s t r e n g t h  went up t o  about  
1580 ps i .  

S e a l s  

Material C:  Viton Bo T h i s  material w a s  t o  be t e s t e d  i n  
O-ring f o r m  f o r  s e a l i n g  c h a r a c t e r i s t i c s ,  The O-rings were 
only r e c e n t l y  received a t  GD/FW, however; s o  t e s t s  have 
been postponed u n t i l  l a t e r  i n  t h e  y e a r ,  

Ma te r i a l  D: Polymer SP,  T h i s  mater ia l  was formed i n t o  
dumbbell-type specimens (see F i g ,  3 e 7 9  Ref, 3 ) .  During 
tests under a l l  cond i t ions ,  every specimen broke i n  t h e  
v i c i n i t y  of t he  doublers ;  s o  no data were recorded,  The 
specimens a r e  being redesigned f o r  p o s s i b l e  subsequent 
t e s t s .  

The rma 1 Insu la  t i  ons 

Mate r i a l  E:  Stafoam AA-402, The thermal conduc t iv i ty  
t e s t e r s  for t h i s  m a t e r i a l  have no t  been completed and 
tes ts  have been delayed t o  a l a t e r  date,  

Mate r i a l  F: CPR-20, The thermal conduc t iv i ty  t e s t e r s  
f o r  t h i s  m a t e r i a l  have no t  been completed and tes ts  have 
been delayed t o  a l a t e r  da t e ,  

Material G: CPR-1021, The thermal conduc t iv i ty  t e s t e r s  
f o r  t h i s  m a t e r i a l  have no t  been completed and tes ts  have 
been delayed t o  a l a t e r  d a t e .  

E l e c t r i c a l  I n s u l a t i o n s  

Material H: Geon 8800. T h i s  material tes ted  qui te  sa t i s -  
f a c t o r i l y  a t  ambient -a i r  temperature  , S t r e s s - s t r a i n ,  u l -  
t imate elongat ion,  and u l t i m a t e  t e n s i l e  s t r e n g t h  (approxi -  
mately 2720 p s i )  measurements were obta ined ,  
temperatures,  however, a l l  t h e  dumbbe 11- type specimens 
sha t te red  between t h e  aluminum doublers  du r ing  t e s t i n g  and 
no data were obta ined ,  The specimens are  be ing  redesigned 
f o r  poss ib l e  r e run  i n  future t e s t s ,  

A t  LN2 



Mater ia l  I: Duroid 5600, These dumbbell-type specimens 
tested s a t i s f a c t o r i l y ,  A t  ambient -a i r  temperature,  the  
u l t i m a t e  t e n s i l e  s t r e n g t h  averaged 2800 p s i ,  
temperature ,  t h i s  s t r e n g t h  was increased  t o  about  4300 
p s i  , 

A t  LN2 

Material J: Milimene-Glass 6038, Specimens of t h i s  
m a t e r i a l ,  i n  dumbbell-type form,  t e s t e d  q u i t e  satis-  
f a c t o r i l y ,  The u l t i m a t e  t e n s i l e  s t r e n g t h  a t  ambient- 
a i r  temperature  avkraged 58,000 p s i ,  A t  LN tempera- 
t u r e  t h e  u l t i m a t e  s t r e n g t h  jumped t o  115,008 psi,, 

S t ruc  t u r a  1 Laminate 

Mate r i a l  K: CTL-91-LD. T h i s  material t e s t e d  s a t i s f a c -  
t o r i l y  a t  both temperatures,  The ultimate t e n s i l e  s t r e n g t h  
was about  29,500 p s i  a t  ambient-air  temperature  and about  
44,700 p s i  a t  LN2 temperature ,  

Ma te r i a l  L: DC-2104, T h i s  laminate  a l s o  t e s t e d  satis- 
f a c t o r i l y  a t  ambient-air  temperature ,  bu t  the doublers  
f a i l e d  t o  s t a y  on t h e  specimens dur ing  LN tes ts ,  The 
ultimate t e n s i l e  s t r e n g t h  a t  ambient -a i r  ?empera twe was 
22,400 p s i  and, a t  LN temperature,  about  60,000 p s i  
before  the  doublers  sf ipped o f f ,  

P o t t i n g  Comr>ounds 

Mater ia l  M: Epon 828/z0 T e s t s  f o r  bo th  p o t t i n g  compounds 
cons i s t ed  of p o t t i n g  s tandard 22-gage bookup wire  i n  the 
m a t e r i a l  t o  a depth of 1/2 i n .  and ,  a f t e r  t he  system hard- 
ened, p u l l i n g  t h e  wi re s  out of t he  compound and measuring 
t h e  maximum break-out load, Good da ta  r e s u l t e d  from tes t s  
r u n  on t h e  ambient-air  specimens, maximum break-out load 
averaging  about  37 l b ,  These loads  dropped somewhat f o r  
test  specimens submerged i n  LN2" 

Mater ia l  N: EC-2273 B/A. Data f o r  specimens of t h i s  
m a t e r i a l  were similar t o  those taken f o r  Mater ia l  M, 
except  that  t h e  LN2-specimen break-out load was h igher  
than t h a t  f o r  the a m b i e n t - a i r  specimens, 

S e a l a n t s  

Material 0: EC-1949. T h i s  m a t e r i a l  was t e s t e d  f o r  T- 
p e e l  s t r e n g t h ,  Specimen shape and s i z e  a r e  shown i n  
Reference 3 , The maximum load requi red  t o  p u l l  t h e  
upper  and lower alumium adhe ren t s  apart  was recorded,  
T h i s  amounted t o  about  60 l b  f o r  t h e  u n i r r a d i a t e d  ambient- 
a i r  specimens. No d a t a  were obtained from t h e  specimens 
submerged i n  LN2, because the m a t e r i a l  f a i l e d  t o  adhere 
t o  t h e  aluminum a t  t h i s  temperature ,  
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Material __- P: EC-1663. Specimens and tes t s  f o r  t h i s  mater- 
i a l  were i d e n t i c a l  t o  those  f o r  Material 0. The ambient- 
a i r  loads were down t o  about 35 l b ,  but some adherence to 
t h e  aluminum was maintained a t  LN2 temperature ,  w i t h  l oads  
of about 32 l b  be ing  recorded. 

The ambient-air  tes ts  were conducted i n  the  IML, w i t h  t he  

specimens mounted d i r e c t l y  i n  the  I n s t r o n  machine. The LN2 t e s t s  

were conducted w i t h  t he  west experimental  assembly, the  I n s t r o n  

machine, and t h e  in t e rconnec t ing  hydrau l i c  servosystem. The 

cryogen chamber of the  assembly was kep t  f u l l  of b o i l i n g  LN2 

dur ing  t h e  t e s t s ,  The specimen arrangement i n  the  assembly p r i o r  

t o  s ta r t  of the t e s t s  i s  shown i n  F igu res  3,22 and 3.23. These 

photographs are views of p u l l  rods 1 through 5 and 6 through 

10, re  spec t i v e l y  e 

3.6 I r r a d i a t i o n  T e s t s  

The i r r a d i a t i o n  tes ts  were conducted i n  t he  Radia t ion  E f f e c t s  

T e s t i n g  System a t  NARF (see F igures  3024 and 3.251, w i t h  t he  GTR 

a s  t he  r a d i a t i o n  source.  For  t h e  ambient -a i r  temperature t e s t s ,  

t h e  expanded-metal t r a y  r ack  was used and specimens were mounted 

a s  shown i n  Figures  3.26, 3.27, and 3.28. The requi red  gamma 

doses  i n  ergs/gm(C) (as  shown i n  t hewper  r i g h t  hand co rne r  of 

t he  photographs) were obtained by j u d i c i o u s  placement of t h e  

expanded metal t r a y s  i n  t h e  rack  and by removing the  d i f f e r e n t  

t r a y s  from the r a d i a t i o n  f i e l d  a t  s p e c i f i e d  t imes.  The high-dose 

t r a y ,  f o r  i n s t ance ,  required an  i r r a d i a t i o n  t i m e  of 33 hr ,  w i t h  

the  r e a c t o r  operated a t  a power l e v e l  of 3 Mw. Table 3.4 g i v e s  

t h e  specimen l o c a t i o n  and i r r a d i a t i o n  times dur ing  t h e  ambient- 

a i r  run,  Thermocouples were mounted on specimens i n  the d i f f e r e n t  

t r a y s  t o  measure the  range of temperatures  of specimens du r ing  

the i r r a d i a t i o n .  
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F i g u r e  3 .24  Irradiation P o o l  
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F i g u r e  3.25 R a d i a t i o n  E f f e c t s  T e s t i n g  S y s t e m  
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F i g u r e  3.26 Spec imen M o u n t i n g  A r r a n g e m e n t  f o r  A m b i e n t -  
A i r  I r r a d i a t i o n :  H i g h  Dose 
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N P C  17,795 
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F i g u r e  3.27 Spec imen  M o u n t i n g  A r r a n g e m e n t  f o r  A m b i e n t -  
A i r  I r r a d i a t i o n :  I n t e r m e d i a t e  Dose 
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N P C  17,796 
3 1-6990 

Figure 3.28 Specimen Mounting Arrangement f o r  Ambient- 
A i r  Irradiation: Low Dose 
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Rack 
NO e 

r 

Distance of Specimen 
Mounting 

Front  of Radius 
Frame ( i n , )  ( i n , )  

Dose Rate Length of Rack from 
ergs/-( C )  I r r a d i a -  Dose 

ergs/gm(C 1 - hr - 3Mw On 

5 109 1,02 109 409 10 10 

1 x 1o1O 9.27 x lo8 10,8 12 9 

5 x 1o1O 10513x lo9 33.02 2 025 10 

1 

2 

3 

Table 3,4 

Ambient-Air I r r a d i a t i o n : *  North P o s i t i o n  

* Four inches  of H 2 0  between r e a c t o r  core  and c l o s e t  f a c e ,  
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For  t h e  low-dose LN29 i r r a d i a t i o n ,  t h e  west exper imenta l  

assembly was used and specimens were mounted a s  shown i n  Fig- 

ures  3.22 and 3.23. Detai ls  of t he  specimen layout ,  gamma 

doses ,  and times of i r r a d i a t i o n  f o r  each  material are given i n  

Table 3.5. 

3.7 P o s t i r r a d i a t i o n  Materials Tests 

After each  success ive  per iod  of i r r a d i a t i o n  du r ing  the low- 

dose LN2 run, the r e a c t o r  was shutdown and t e n s i l e  tests were 

performed on the a p p r o p r i a t e  m a t e r i a l s ,  u s i n g  the  I n s t r o n  machine 

and i n t e r c o n n e c t i n g  hydraul ic  servosystema The tests were car- 

r i e d  out wi thout  i n c i d e n t  except f o r  the p o s t i r r a d i a t i o n  ozone 

d e t o n a t i o n s  desc r ibed  previous ly  i n  t h i s  r e p o r t  e 

A d e s c r i p t i o n  of t he  tests a n d d a t a f o r  each material a f t e r  

i r r a d i a t i o n  t o  bo th  low and high doses  a t  ambient -a i r  tempera- 

ture and t o  a low-dose a t  LN2 temperature  i s  presented  below; 

Adhesives - 
Material A :  AF-40, I r r a d i a t i o n  i n  a i r  t o  a low dose 
f a i l e d  t o  change the  lap-shear  s t r e n g t h  of t h l s  material 
from about  3000 p s i ,  but, a f t e r  a high dose, se rved  t o  
reduce thelap-shear s t r eng th  t o  1300 p s i .  Af te r  i r rad-  
i a t i o n  t o  a low dose i n  LN the l a p  shear s - b e n g t h  a t  
LN2 temperature  was reduceg’to a n  average of 1300 p s i  
f o r  t h e  three specimens tested,  

Material B: 422J, Data taken  from tests on t h i s  mate- 
r i a l d e m o n s t r a t e d  that  i t  i s  una f fec t ed  by r a d i a t i o n  t o  
t he  prescr ibed doses ,  e i ther  a t  ambient -a i r  temperature  
o r  a t  LN2 temperature ,  

Seals and Thermal I n s u l a t i o n s  

M a t e r i a l s  C ,  D, E, F, and Go Comments p e r t i n e n t  t o  these 
materials were made prev ious ly  under  S e c t i o n  3.5, 
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E l e c t r i c a l  I n s u l a t i o n s  

P la te r ia l  H: Geon 8800, No i r r a d i a t i o n  da ta  were obtained,  
e i t h e r  a t  ambient-air  or a t  L N 2  temperature ,  All spec i -  
mens s h a t t e r e d  i n  the doublers  p r i o r  t o  t e n s i l e  tes ts ,  
Poss ib l e  changes i n  doubler  des ign  and a p p l i c a t i o n  a r e  
p r e s e n t l y  be ing  considered , 

Mate r i a l  I: Duroid 5600, After i r r a d i a t i o n  i n  a i r  t o  
a .lm dose,  t h e  u l t i m a t e  t e n s i l e  s t r e n g t h  of t h e  material 
dropped t o -  1200 p s i  from the n o - i r r a d i a t i o n  va lue  of 2800 
p s i ;  a f t e r  the  s p e c i f i e d  h i g h  dose i n  a i r ,  the u l t i m a t e  
t e n s i l e  s t r e n g t h  dropped t o  zero ,  After i r r a d i a t i o n  t o  a 
low dose wh i l e  submerged i n  L N 2 9  subsequent t e n s i l e  t e s t s  
( w i t h  t h e  m a t e r i a l  s t i l l  submerged i n  t h e  L N 2 )  revealed 
a n  i n c r e a s e  i n  the u l t ima te  t e n s i l e  from a no-dose va lue  
of 4300 p s i  t o  a value of 5600 p s i ,  T h i s  i s  a s u r p r i s i n g  
development f o r  Teflon, 

Ma te r i a l  J: Milimene-Glass 6038, T e s t s  on t h i s  m a t e r i a l  
a f t e r  i r r a d i a t i o n  i n  a i r  and i n  L N g  revealed t h a t  i t  i s  
v i r t u a l l y  unaf fec ted  by e i t h e r  theLlow or high doses of 
r a d i a t i o n  

S t r u c t u r a l  Laminates 

Mate r i a l  K: CTL-gl-LD, T e s t s  on t h i s  material a f te r  ir- 
r a d i a t i o n  i n  a i r  and i n  LN2 revealed that i t  i s  v i r t u a l l y  
unaf fec ted  by e i t h e r  t h e  low o r  high doses ,  

Ma te r i a l  L: DC-2104. T e s t s  on t h i s  m a t e r i a l  i n  a i r  and 
i n  LN2 revealed t h a t  i t  i s  v i r t u a l l y  una f fec t ed  by e i t h e r  
t he  low o r  high doses,  

P o t t i n g  Compounds 

Mater ia l  M: Epon 828/z. I r r a d i a t i o n  and subsequent t e s t -  
i n g  of t h i s  m a t e r i a l  i n  ambient a i r  revea led  t h a t  i t  i s  
v i r t u a l l y  una f fec t ed  by e i t h e r  a low or high dose a t  t h i s  
temperature ,  Data on t e s t s  a t  L N 2  temperature  seem t o  
imply t h a t  t he  break-out f o r c e  f o r  t he  wire  i s  h ighe r  
a f t e r  a low dose of r a d i a t i o n ,  

Ma te r i a l  N: EC-2273 B/A. Radia t ion  at ambient-air  t e m -  
p e r a t u r e  served t o  reduce t h e  m a x i m u m  T-peel load by a 
f a c t o r  of one-half,, The adhe ren t s  f a i l e d  t o  hold t o  t h e  
s e a l a n t  a t  LN2 temperature  and no data under  t h i s  condi-  
t i o n  were obtained.  



Mater ia l  P :  EC-1663. T-peel s t r e n g t h  of t h i s  material, 
a f t e r  i r r a d i a t i o n  a t  ambient-air  temperature ,  was only 
one-sixth of i t s  va lue  before  i r r a d i a t i o n .  The adhe ren t s  
f a i l e d  t o  hold t o  t h e  s e a l a n t  a t  LN2 temperature  and no 
data were obtained under these condi t ions . ,  

Again t h i s  year, as was done w i t h  d a t a  taken i n  the  f i r s t  

tes ts  under  the program i n  19629 c a l c u l a t i o n s  w i l l  be made t o  

determine the ex tens ion  of a h y p o t h e t i c a l  2 - in0  gage l e n g t h  

i n  dumbbell-type specimens t e s t e d  i n  t e n s i o n  i n  t h e  cryogenic  

experimental  assemblies. ,  Methods f o r  t he  c a l c u l a t i o n s  a re  

shown i n  Reference 2 .  

3.8 S t a t i s t i c a l  Analysis  Procedures 

A s t a t i s t i c a l  a n a l y s i s  of t e n s i l e - s h e a r - s t r e n g t h  d a t a  

taken on lap-shear  adhesive specimens w i l l  be  made. Procedure 

f o r  t h i s  a n a l y s i s  w i l l  be  a s  fol lows:  

The experimental  des ign  i s  based on a f a c t o r i a l  a r range-  
ment of the f a c t o r s  t o  be i n v e s t i g a t e d ,  It i s  for 2 
f a c t o r s  each a t  3 l e v e l s ,  o r  32 t r ea tmen t  combinations. 
The f a c t o r s  and l e v e l s  a re :  

F a c t o r s  Levels  

TemDerature to - ambient - LN, t l  - t, - L$ 
L 

Radia t ion  do  - 0 dose 
d l  - low dose 
d2 - high dose 

The 9 t reatment  combinations are:  

Temperature 
Radia t ion  1 0  t l  t 2  

d0 

dl 

d2 

1 2 3 

4 5 6 

7 8 9 



The number of t rea tment  combinations t o  be i n v e s t i -  
gated i s  la rger  than  can be carried ou t  under  uniform 
c o n d i t i o n s  of one homogeneous group of lap-shear  sheets,  
There are 13 lap-shear s h e e t s  w i t h  5 specimens a v a i l -  
able p e r  sheet,  Therefore,  a des ign  i s  requ i r ed  which 
w i l l  d i v i d e  t h e  experimental  r e sources  i n  such a manner 
t h a t  t h e  estimates of tfie main e f fec ts  and i n t e r a c t i o n s  
can be obta ined  f ree  from the  p o s s i b l e  d i f f e r e n c e s  be- 
tween the  sheets, 

There a re  f a c t o r i a l  d e s i g n s  i n  which confounding can be 
used t o  o b t a i n  estimates f ree  of t he  sheet d i f f e r e n c e s ,  
but  i n  t h i s  case i t  i s  simpler and more s t r a i g h t f o r w a r d  
t o  o b t a i n  separate estimates of t h e  sheet d i f f e r e n c e s  
from a "side" experiment and t o  adjust  t h e  d a t a  from t h e  
main experiment accord ingly ,  The main experiment w i l l  
use 3 specimens from each of 9 sheets and the  remaining 
2 specimens w i l l  be used i n  t h e  " s ide"  experiment f o r  
e s t i m a t i n g  the  sheet d i f f e r e n c e s ,  

The procedure i s  as  fol lows:  L e t  the  sheets be A, B, 
C, D, E, F, G, H, and K and t h e  samples from each sheet 
be a i ,  a2, --- a5 f o r  Sheet A, b l ,  --- b2 f o r  Sheet B 
and so  on, The samples a r e  a l l o t t e d  t o  the exper imenta l  
t r ea tmen t  as :  

1 - adga* 2 - aeh 3 - afk  

4 - bdk 5 - beg 6 - b f h  

7 - cdh 8 - cek 9 - c f g  

* Four samples  i n  t h i s  t r ea tmen t ,  d o t o ,  

The two remaining samples p e r  shee t  w i l l  be tested i n  
t h e  exper imenta l  assemblies under  ambient c o n d i t i o n s  
f o r  e s t i m a t i n g  the  sheet d i f f e r e n c e s .  

The data from t h e  main experiment w i l l  be a d j u s t e d  ac -  
co rd ing  t o  the  estimates of the sheet d i f f e r e n c e s  ob- 
t a i n e d  i n  the  " s i d e "  experiment T h i s  ad jus tment  w i l l  
e s s e n t i a l l y  normalize the data t o  an  o v e r a l l  sheet ave r -  
age, so t h a t  the  r e s u l t i n g  data can be analyzed as  a 32 
f a c t o r i a l  by an  a n a l y s i s  of va r i ance  method. One w i l l  
t hen  be able  t o  o b t a i n  e s t i m a t e s  of t h e  e f f e c t s  o f :  

Liquid Temperature 
Quadrat ic  Tempera t u r e  
L inea r  Radia t ion  
Quadratic Radia t ion  
I n t e r a c t i o n  of Temperature and Rad ia t ion  

The main disadvantage of t h e  des ign  stems from the  f a c t  
t h a t  there w i l l  be no v a l i d  estimate 0.f the exper imenta l  
e r r o r  f o r  a s s e s s i n g  whether the obseryed d i f f e r e n c e s  from 



one t reatment  t o  ano the r  a r e  r e a l  e f f e c t s  o r  jus t  change 
occurrenceso T h i s  i s  not  a consequence of the des ign  but  
of  non-rep l ica t ion  of the b a s i c  experiment,  because even 
i f  t he re  were 100 samples e x a c t l y  a l ike  t h e r e  s t i l l  would 
no t  be a v a l i d  e s t ima te  of t h e  experimental  e r r o r  ( t h e  
a b i l i t y  o r  i n a b i l i t y  t o  reproduce t h e  experimental  s e tup  
on independent t r a i l s  of t he  b a s i c  exper iment ) ,  



I V ,  COMBINED EFFECTS OF RADIATION, VACUUM, AND CRYOTEMPERATURES 

A program has been i n i t i a t e d  t o  e v a l u a t e  the combined ef-  

f ec t s  of r a d i a t i o n ,  vacuum, and cryotemperature  on selected ma- 

t e r i a l s ,  I n  o r d e r  t o  perform these t e s t s  a t  c ryotempera tures  i n  

vacuum immediately a f t e r  i r r a d i a t i o n ,  two special  tes ters  are 

be ing  b u i l t :  a n  E l e c t r i c a l  Tester t o  measure d i e l e c t r i c  and d i s -  

s i p a t i o n  f a c t o r  and a Mechanical Tes te r  t o  measure s t r e s s - s t r a i n  

p r o p e r t i e s  , 

QO1 T e s t  -Materia 1 S e l e c t  i o n  

The s e l e c t i o n  of t h e  candidate  materials f o r  these tes ts  w a s  

based on the  resul ts  of t he  vacuum-radiation tes ts  and the cryo- 

t empera tu re - r ad ia t ion  tes ts  presented i n  the two-volume annual  

r e p o r t  (Refs.  1, 2 ) ,  and from the tests performed d u r i n g  April, 

Table 4,l i d e n t i f i e s  t he  materials be ing  considered f o r  e v a l u a t i o n  

d u r i n g  t h i s  program, These materials w i l l  be eva lua ted  i n  t h e  

dynamic tes ters  t o  es tab l i sh  c o n t r o l  v a l u e s  be fo re  f i n a l  s e l e c t i o n  

i s  made f o r  t he  i r r a d i a t i o n  t e s t ,  

4.2 T e s t  Equipment 

The E lec t r i ca l  T e s t i n g  i s  be ing  designed and cons t ruc t ed  by 

NASA a t  the  George C. Marshall Space F l i g h t  Center  under  t h e  d i -  

r e c t i o n  of R,  Lo Gause. Operat ional  checkout of the system i s  

scheduled f o r  the middle  of June. 
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The tes ter  i s  designed t o  f i t  i n t o  the  vacuum-irradiat ion 

chambers, w i t h  the  cryogen contained i n  a shroud t h a t  f i t s  i n t o  

the  vacuum chamber and around e i g h t  d i e l e c t r i c  t es t  c e l l s .  The 

t e s t  c e l l s ,  being i n  vacuum, w i l l  be cooled by r a d i a n t  and con- 

duc t ive  heat t r a n s f e r  only,  f o r  t he  c e l l s  are not  t o  be immersed 

i n  t h e  cryogenic  f l u id .  The e i g h t  t e s t  c e l l s  are designed i n  

accordance w i t h  ASTM D-150-54T ( " A .  C .  Capaci tance,  D i e l e c t r i c  

Constant ,  and Loss  C h a r a c t e r i s t i c s  of E l e c t r i c a l  I n s u l a t i n g  Ma- 

t e r i a l " ) ,  which c a l l s  f o r  a t e s t  specimen t o  be 4 i n .  i n  diameter  

and 1/8 i n .  t h i c k .  

The Mechanical T e s t e r  i s  designed t o  f i t  i n t o  t h e  vacuum- 

i r r a d i a t i o n  chambers and t o  t e s t  t h e  mechanical p r o p e r t i e s  of 

m a t e r i a l s  i n  t ens ion ,  Liquid hydrogen w i l l  be contained i n  tubes 

c o i l e d  around t h e  t e s t  samples rather than i n  a shroud, as  pre-  

v i o u s l y  considered. A minimum of s t r u c t u r a l  m a t e r i a l  w i l l  be 

used i n  the tes ter  t o  minimize gamma-heating; however, f o r  5000 

-1b load c a p a b i l i t y ,  a considerable  q u a n t i t y  of s t r u c t u r a l  ma- 

t e r i a l  has t o  be used. T h i s  means t ha t  t he  sample temperature  

w i l l  be above the b o i l i n g  point  of t he  l iquid-hydrogen cryogen. 

The hydrau l i c  p u l l i n g  mechanism and load-weighing system 

i s  pa t t e rned  a f t e r  t h e  High-Force Tens i l e  Tester. This  t e s t e r  

i s  designed w i t h  interchangeable  load c e l l  f o r  a m a x i m u m  load 

range of 5000 lb, but i t  s t i l l  g i v e s  good s e n s i t i v i t y  (+ - 1 l b )  

f o r  t he  low-load ranges.  Five pul l - rod p o s i t i o n s  are a v a i l a b l e  

t o  p u l l  the  s tandard  ASTM tes t  specimen. 
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4.3 Tes t  Plan 

Candidate t e s t  materials l i s t e d  i n  Table 4.1 w i l l  be t es ted  

a t  c ryogenic  temperatures  p r i o r  t o  t h e  i r r a d i a t i o n  t e s t  t o  es tab-  

l i s h  c o n t r o l  values .  From these data ,  the  m a t e r i a l s  f o r  i r radia-  

t i o n  w i l l  be s e l e c t e d .  

D i e l e c t r i c  measurements w i l l  be made a t  predetermined i n t e r -  

v a l s  du r ing  the i r r a d i a t i o n .  During these measurements, the  r e a c t o r  

w i l l  be r e t r a c t e d  ( z e r o  e f f e c t i v e  dose r a t e )  s o  t h a t  t he  tempera- 

t u r e  of the  sampler w i l l  have t i m e  t o  s t a b i l i z e  a t  t h e  cryogenic  

f l u i d  temperature  be fo re  t h e  measurements a r e  recorded.  

Seve ra l  measurements w i l l  also be taken  w h i l e  t h e  r e a c t o r  i s  a t  

power. 

Tens i l e  t e s t s  w i l l  be made a t  the  end of t he  i r r a d i a t i o n  

while t h e  samples are  s t i l l  i n  vacuum and a t  cryotemperature .  

The measured p r o p e r t i e s  w i l l  be modulus, u l t imate  t e n s i l e  s t r e n g t h ,  

and ult imate e longat ion .  
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